Organochlorine pesticides (OCPs), known to have estrogenic activity, have been implicated in pathogenesis of reproductive tract cancers. Our study was aimed at understanding the role of OCPs in cervical cancer. Materials and methods: Approximately 3 mL of blood and 1 g of cervical tissue was taken from 30 cervical cancer patients and 30 controls and subjected to OCP analysis. Blood and tissue levels of OCPs were compared between cases and controls and correlation was assessed between OCP levels in blood and cervical tissue in each subject. Results: Blood levels of endosulfan-I (1.72 vs 1.23 ppb, p = 0.001), ppDDD (1.66 vs 0.002 ppb, p = 0.001) and cervical tissue levels of βHCH (4.23 vs 1.38 ppb, p = 0.000), heptachlor (3.54 vs 1.87 ppb, p = 0.008) and endosulfan-II (1.20 vs 0.66 ppb, p = 0.000) were significantly raised in cervical cancer patients compared to controls. No correlation was found between OCP levels in blood and cervical tissue in either case or control. Conclusion: OCP exposure may be associated with increased risk of cervical cancer. Also, there does not seem to be any correlation between blood and cervical tissue levels of pesticides.
IntroductIon
Cervical cancer is the 4th most common cause of cancer in the world 1 and the second most common cause of cancer amongst Indian women, 2 accounting for significant mortality and morbidity in this group. Women aged between 21 years and 67 years are especially prone to this disease. 3 Human papillomavirus infection is known to be a classic risk factor for cervical cancer. 4 , 5 However, recent studies have illustrated that HPV infection, although necessary, is not sufficient for cervical cancer pathogenesis and further research in the study of the cofactors involved has been suggested. 6 One of the proposed cofactors in cervical cancer pathogenesis are organochlorine pesticides (OCP). Organochlorines were first marketed during World War 2 to deal with the problems of pest infestation. 7 , 8 Crop yields increased and so did their incessant use. Later it was found that these "miraculous compounds" harbor a grave but silent danger within. They exhibited a property called bioaccumulation which is a process by which chemicals progressively accumulate as one goes higher up the food chain, thus making man who sits at the top of the chain, significantly exposed to these compounds. 9 Subsequently these chemicals were banned across most of the developed nations in Stockholm Convention 2004. However, despite the ban, a sizeable proportion of world's population still uses organochlorines like DDT on and off label, especially in underdeveloped and developing nations like India. 10 It is well known that the prevalence of various cancers have increased in past few decades since the introduction of these compounds in the market. 7 Organochlorines have been shown to be associated with cancers of various organs of human body like breast, prostate, testicular and reproductive tract cancers. 11 -14 However, literature is scarce with respect to the role of OCPs in cervical cancer. However Fleming et al., in a prospective study, found that the incidence of cervical cancer increased significantly amongst the pesticide applicators of Florida. 15 Similarly Mathur et al. measured OCP levels in blood of women with reproductive tract cancers and found them to be significantly higher than controls. 13 The aim of this study is to assess the role of organochlorine pesticides in cervical cancer by measuring the serum and cervical tissue levels of these compounds and also find a correlation between the two, if any.
MAterIAls A n d Methods
The study was carried out in a tertiary care hospital of East Delhi. A total of 30 women with histopathologically proven carcinoma cervix was taken as cases and 30 age matched controls were chosen from women undergoing hysterectomy for benign conditions. Informed consent was taken from each subject. Patient's sociodemographic data was recorded, history and general physical examination was done. Clearance was taken from Institutional Ethics Committee-Human Research (IEC-HR) of our institution. (vide their approval number "nil" dated October 30, 2014).
Approximately 3 mL of blood sample was collected in EDTA vial from each subject. Punch biopsy of cervical tissue of patients with suspected cervical cancer was taken. Alternatively, wedge biopsy of the malignant part of cervix was taken from the hysterectomy specimen of patients undergoing Wertheim's/radical hysterectomy for operable cervical cancer. Also, wedge biopsy of cervical tissue was taken from the cervix in the hysterectomy specimen of controls. The tissue specimens were stored in phospho buffered saline at 4°C.
Organochlorine Pesticides Analysis
• Extraction and cleanup of OCP residues from blood and tissue samplesPesticide extraction was done using standard method described by Mustafa et al. 16 
• Quantification of levels of OCPs
Samples were analyzed by Perkin Elmer gas chromatograph (Clarus 500) equipped with 63Ni electron capture detector (ECD) under standardized operating conditions of the laboratory.
Statistical Analysis
The OCP levels in blood and cervical tissue were compared with the help of unpaired Student's t test. Spearman correlation was used to compare OCP levels between blood and cervical tissue for each subject.
results
Residues of all pesticides like isomers of HCH, DDT, DDD, heptachlor, endosulfan I and II and dieldrin were detected in serum and cervical tissue of both the cases and controls. However the levels of endosulfan I (1.72 vs 2.23 ppb, p = 0.001) and ppDDD (1.66 vs 0.002 ppb, p = 0.001) were significantly higher in serum of cases compared to controls ( Table 1 and Fig. 1 ). Similarly the levels of βHCH (4.23 vs 1.38 ppb, p = 0.000), heptachlor (3.54 vs 1.87 ppb, p = 0.008) and endosulfan-II (1.20 vs 0.66 ppb, p = 0.000) were significantly higher in cervical tissue samples of cases compared to controls ( Table 2 and Fig. 2) .
In order to see whether serum levels of OCPs are representative of their corresponding cervical tissue levels, we made a correlation between the two levels in each subject (case and control using Spearman correlation). We found no correlation between serum and cervical tissue levels of OCPs in the cases or controls for any of the pesticides (Tables 3 and 4 ).
dIscussIon
Cervical cancer has a sizeable burden on the health infrastructure of the world owing to considerable mortality and morbidity associated with the disease. 1 , 17 Organochlorine pesticides have recently been proposed to be involved in the pathogenesis of carcinoma cervix.
India ranks 12th in the world and 2nd in Asia in terms of pesticide production. 18 OCPs have high bioaccumulative potential and strong lipophilicity such that they are still detected in the western population where strong regulatory measures have been taken to curb their production almost 2 decades back. 7 In India the poor regulatory and safety measure taken during pesticide production and use are the main problem behind its accumulation in the population. 19 In the present study, 30 cases of cervical cancer were enrolled, 30 healthy and matched controls who underwent hysterectomy for benign causes were also enlisted for the study. The age of cervical cancer patients in our study ranged from 28 years to 68 years. Mean age of the group was 50.9 years. Majority of the women in the cervical cancer group belonged to 40-60-year age group. The controls also had a similar age distribution. The mean age of this group was 49.3 years.
The women of the two study groups were similar to each other in sociodemographic parameters. Majority of the women in both groups belonged to 40-60-year age group and had 3 or more children (86% vs 80%). The first age at intercourse was comparable in both study groups with 19.2 years in case and 19.3 years in control group. We didn't find any woman practicing high risk sexual behavior in any of the study groups or HIV positive patients. As the subjects mostly came from the same geographical catchment area, i.e., East Delhi, it was advantageous to our study as they had similar environmental exposure to pesticides through water and food resources. Women with occupational exposure to pesticides were excluded from the study.
We estimated pesticide residues in blood and cervical tissue samples of both cases and controls. Residues of 10 OCPs namely αHCH, βHCH, γHCH, δHCH, DDT, heptachlor, ppDDD, dieldrin, endosulfan I and endosulfan II were detected in blood and cervical tissue samples of both the study groups. It is important to note that some of these pesticides like HCH and its isomers, heptachlor and dieldrin have been banned all over the world as per rules laid down during the Stockholm Convention in 2004. On the other hand, pesticides like DDT and endosulfan have been banned in the west but are still used in India.
The blood levels of endosulfan I and ppDDD and cervical tissue levels of βHCH, heptachlor and endosulfan II were significantly raised in patients of cervical cancer compared to controls. Our findings were consistent with the study conducted by Mathur et al. who found significant higher levels of DDD and heptachlor in blood in cervical cancer patients amongst other reproductive tract cancers. 13 Sharma et al. in a case control study at GTB Hospital, Delhi in 2014 found significant higher levels of endosulfan, βHCH and DDE in ovarian cancer patients. 12 Tyagi et al. similarly reported high levels of βHCH, DDE and DDD in women of preterm labor in another case control study in Delhi. 19 Kaushik et al. reported high levels of βHCH and DDT in the river Yamuna, the major source of water in Delhi. 20 Similarly Pandey et al. observed high levels of endosulfan and DDT in the surface sediments of Yamuna river. 21 Another study by Central Food Technological Research Institute detected high levels of DDT and βHCH in 30% of 20 random wheat samples. 22 This explains the high levels of βHCH, DDD (metabolite of DDT) and endosulfan in our population.
Almost all studies in the past with respect to role of organochlorines in various cancers of human body have been done by estimating the serum levels of these compounds. Our data suggests that the OCP levels in the serum may not be representative of tissue levels. This could be due to higher tissue affinity of some compounds compared to other. Hence it is important to measure the organochlorine levels in the corresponding tissue as well, in order to understand their local effect in the tissue microenvironment.
Strength of study
Our study is a pilot study that aims to pioneer in finding the role of organochlorine pesticides in cervical cancer. Also, unlike other studies that have estimated their values only in serum in order to find an association between OCP with various cancers, we have additionally measured OCP levels in tissue as well to understand more accurately what spectrum of OCPs are involved in cervical cancer.
Limitations
Due to the limited funds available, we could not assess correlation between HPV infection and OCP exposure since ours was a pilot study and the sample size was small. and ppDDD may be associated with a higher risk for cervical cancer, however this needs to be substantiated with similar research on a larger population. Also, the serum levels of pesticides may not be representative of the corresponding cervical tissue levels and hence both need to be studied in order to understand the systemic as well as local effects of these compounds. We recommend similar studies to be carried out in future on a larger population with an additional correlation with HPV infection. 
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